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RESUMO 
A antropometria sempre intrigou o ser humano desde as civilizações egípcias 
e gregas já observavam e estudavam a relação das diversas partes do corpo. Assim, a 
antropologia estuda o ser humano sob o aspecto cultural e físico tendo na sua vertente 
forense a finalidade de servir como método auxiliar no estudo da identidade sob o critério 
físico. Na busca da identificação do individuo, o primeiro passo é estimar o sexo. No 
estudo realizado buscou-se relacionar as medidas cranianas em Tomografia 
Computadorizada (TC) e volume craniano em ossos secos com sexo. Os crânios secos 
e as TC pertencem ao Biobanco Osteológico e Tomográfico da FOP/UNICAMP 
constando de 112 TC de homens e 87 TC de mulheres, todas com idade, ancestralidade 
e causa da morte conhecidas. A mensuração se deu com o software OnDemand3D® e 
as medidas: Glabela-Metalambda; Bregma-Básio e Eurio-Eurio. Para determinar o 
volume craniano foi utilizado sementes de soja preenchendo toda a cavidade. Após a 
análise estatística por meio do software IBM® SPSS® 25 Statistics ficou constatado que 
todas as medidas avaliadas são dimórficas, sendo possível elaborar um modelo de 
regressão logística denominado SEX 2019= [-18,087+(5,937xVC) +(-0,076x(Br-Ba))]. 
Observou-se que o método utilizado resulta em 80,4% de sensibilidade, 66,7% de 
especificidade e 74,4% de acurácia, se mostrando eficaz na predição do sexo. O modelo 
de regressão obtido permite a estimativa do sexo nos casos onde se disponha de TC e 
crânio de indivíduos desaparecidos.  
 
Palavras-chave: Dimorfismo sexual. Antropologia forense. Tomografia 
computadorizada. Identificação humana. 
 
  
  
 
ABSTRACT 
Anthropometry has always intrigued humans, Egyptian and Greek civilizations 
already observed and studied the relationship of the various parts of the body. Thus, 
anthropology studies the human being under the cultural and physical aspect, has in its 
forensic aspect the purpose of serving as an auxiliary method in the study of identity under 
the physical criterion. In the pursuit of individual identification, the first step is to estimate 
sex. In this study, we sought to relate cranial Computed Tomography (CT) measurements 
and cranial volume in dry bones with sex. The dried skulls and CT scans belong to the 
FOP / UNICAMP Osteological and Tomographic Biobank consisting of 112 male CT and 
87 female CT, all with known age, ancestry and cause of death. Measurement was made 
with OnDemand3D® software and measurements: Glabela-Metalambda; Bregma-Basio 
and Eurio-Eurio. To determine the cranial volume was used soybean seeds filling the 
whole cavity. After statistical analysis using the IBM® SPSS® 25 Statistics software, it 
was found that all the measures evaluated are dimorphic, and it is possible to elaborate a 
logistic regression model named SEX 2019 = [-18,087+ (5,937xVC) + (- 0,076x ( Br-Ba))]. 
It was observed that the method used results in 80.4% sensitivity, 66.7% specificity and 
74.4% accuracy, showing to be effective in predicting sex. The regression model obtained 
allows the estimation of sex in cases where CT and skull of missing individuals are 
available. 
 
Keywords: Sexual dimorphism. Forensic anthropology. Computed tomography. Human 
identification. 
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1 INTRODUÇÃO 
A origem da antropometria remonta-se à antiguidade onde os Egípcios e 
Gregos já observavam e estudavam a relação das diversas partes do corpo (Pheasant, 
1998). O fascínio gerado pelo corpo humano atraiu a curiosidade de filósofos, artistas, 
teóricos e arquitetos. O arquiteto Vitruvius, que viveu em Roma a partir do século 1, a. 
J.C. escreveu: 
Porque o corpo humano é tão concebido por natureza que o a face, do 
queixo ao topo da cabeça e as raízes do cabelo, é um décimo de toda 
a altura; O mesmo acontece com a mão aberta, de o pulso até a ponta 
do dedo médio; a cabeça, do queixo a coroa, é um oitavo; e com o 
pescoço e ombro que, a partir do topo do peito até as raízes do cabelo, 
é um sexto e um quarto, a partir do meio do peito para a coroa. Se 
tomarmos a altura do rosto, a partir do fundo do queixo até a narina, é 
um terço dele; outro tanto ocorre com o nariz, desde os orifícios até 
uma linha que passa pelo meio as sombrancelhas. O comprimento do 
pé é um sexto da altura do corpo; o antebraço, um quarto; e a largura 
do peito também é um quarto. Os membros restantes eles também têm 
suas próprias proporções simétricas e, graças ao seu uso, os pintores 
e escultores da antiguidade alcançaram grande e imperecível renome. 
Novamente, o ponto central do corpo humano é o umbigo. Pois sim 
centramos um par de medidas sobre o umbigo de um homem deitado 
com a sua de costas contra o chão e com as mãos e os pés estendidos, 
veremos que o pontas dos dedos destes irá tocar a circunferência do 
círculo descrito com centro naquele. E da mesma forma que o corpo 
humano tem um esboço circular, também pode ser obtido a partir dele, 
uma figura quadrada. Em efeito,se tomarmos a medida das solas dos 
pés para o topo do cabeça e aplicar, então, esta dimensão para os 
braços totalmente estendidos, a largura será igual à altura, como 
acontece em superfícies planas que são perfeitamente quadrados 
(Morgan, 1960). 
No renascimento Leonardo Da Vince fez a obra “Homem Vitruviano”, baseado 
no terceiro livro escrito pelo arquiteto Vitruvius no qual ele descreve as proporções 
humanas (Osborne, 1920). Assim, a antropologia estuda o ser humano sob o aspecto 
cultural e físico (Silva, 1997), tem na sua vertente forense a finalidade de servir como 
método auxiliar no estudo da identidade sob o critério físico, ou seja, a identificação do 
sexo e ancestralidade, bem como a estimativa da idade e estatura (Kiran et al., 2015). 
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Os métodos de identificação devem apresentar: unicidade, imutabilidade, 
perenidade, praticabilidade e classificabilidade (Figueira-Júnior e Moura, 2014). À partir 
do uso desses métodos consegue-se determinar a identidade de uma pessoa. Identidade 
é a soma de caracteres físicos, funcionais e psíquicos que individualizam uma pessoa, 
distinguindo-a das demais (Vanrell, 2019). 
A identificação pessoal é de suma importância, tanto por razões legais como 
humanitárias, sendo frequentemente iniciada antes mesmo de se determinar a causa da 
morte. Por intermédio da identificação, as pessoas podem preservar seus direitos, bem 
como terem cobrados os seus deveres, quer cíveis, quer penais (Oliveira et al.,1998). 
Assim, a identificação humana post mortem é uma das grandes áreas de 
estudo e pesquisa da odontologia legal e da medicina legal, pois as duas ciências 
trabalham com o corpo humano, em vários estágios: espostejados, dilacerados, 
carbonizados, macerados, putrefeitos, em esqueletização e esqueletizados, sempre com 
o mesmo objetivo, ou seja, estabelecer a identidade humana (Oliveira et al.,1998). 
A estimativa sexual é crucial  para estabelecer o perfil forense de um individuo 
(Quincey et al., 2013). Embora à analise de DNA ser o método mais confiável para 
determinação do sexo (Gibbon et al., 2009), é também o mais caro e demorado, que 
também pode ser prejudicado por condições locais. Nos casos de preservação deficiente 
dos restos, efeitos dos inibidores ou uma pequena quantidade de DNA tratado da amostra 
(Krogman e Iscan, 1986). 
Métodos morfológicos e métricos são usados para estimar o sexo do osso 
encontrado. A vantagem da análise métrica é que os dados obtidos podem ser facilmente 
comparáveis com outros estudos (D’Eyrames et al., 2009). Entre os ossos humanos, a 
pélvis e o crânio são os mais dimórficos (Hu et al., 2006). Estudos foram realizados por 
vários pesquisadores provando que crânio e a pelve  apresentam taxas de precisão 
superiores a 85% para estimar o sexo. O osso pélvico é o que apresenta maior acurácia 
chegando a 95% (Krogman e Iscan, 1986). 
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Existem diferenças significativas entre homens e mulheres, como a fisiologia 
hormonal e esquelética, características distintas que correspondem ao que é conhecido 
por dimorfismo sexual  (Papaloucas et al.,2008). A diferença sexual no crânio ocorre por 
causa do desenvolvimento ósseo e das forças musculares que incidem sobre eles. O 
desenvolvimento ósseo nas mulheres acontece antes que nos homens, existindo uma 
modificação drástica no crânio na puberdade. Por isso que a diferença morfológica do 
crânio é mais evidente no esqueleto adulto (Suazo e Zavando, 2012). Os ossos 
masculinos são maiores que os ossos femininos (Scheuer, 2002). 
Em análises morfométricas, o uso de métodos radiológicos tais como 
tomografia computadorizada (TC) e ressonância magnética, em estudos observacionais, 
é impressionante (Ramsthaler et al., 2010). Em indivíduos vivos muitas técnicas de 
imagem radiológica são realizadas, e sua utilização está aumentando (The Royal College 
of Radiologists, 2012). Em estudos que envolvem geração de uma base de dados, a 
imagiologia radiológica é inestimável, uma vez que permite avaliações tridimensionais, 
que reduzem custos, aumentam a velocidade de análise; evitam preocupações éticas em 
relação à maceração pós-morte (Hatipoglu et al., 2008). 
A cefalometria é uma das mais importantes partes da antropometria, na qual 
as dimensões do crânio e da face são medidos (EL-Feghi et al., 2004).  O volume 
craniano tem uma relação íntima com o volume cerebral (Von Bonin, 1934), expressa 
vários aspectos do crescimento e desenvolvimento e permite a avaliação crítica de 
crânios grandes, pequenos ou deformados (Haack; Neihoff, 1971). 
Diante dos fatos, o estudo relacionou medidas cranianas em TC e volume 
craniano em ossos secos com o dimorfismo sexual, assim, elaborou-se um modelo 
matemático que auxilia na estimativa do sexo.  
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ABSTRACT 
Aim: This study aimed to develop an auxiliary method in the search for human identity by 
estimating sex from a logistic regression model using linear computed tomography 
measurements and cranial volume measurement in dry skulls. Methods: This is a cross-
sectional analytical observational study of 199 dry skulls and their respective computed 
tomography, of which 112 men and 87 women, all of them of known age, ancestry and 
cause of death, belonging to the FOP / UNICAMP Osteological and Tomographic 
Biobank. The tomography measurements were performed using OnDemand3D® 
software and the measurements analyzed were: Glabela-Metalambda; Bregma-Basio and 
Eurio-Eurio. To determine cranial volume, soybean seeds were used to fill the entire skull 
cavity. Results: After statistical analysis using the IBM® SPSS® 25 Statistics software it 
was found that all the measures evaluated are dimorphic, and it is possible to elaborate a 
logistic regression model named SEX 2019 = [-18,087+ (5,937xVC) + (- 0,076x ( Br-Ba))]. 
It was observed that the method used results in 80.4% sensitivity, 66.7% specificity and 
74.4% accuracy, showing to be effective in estimation of sex. Conclusion: In conclusion, 
the regression model obtained is effective as an auxiliary method in the processes of 
human identification and allows the estimation of sex in cases where the skull is available 
and the computed tomography examination, or the possibility of it. 
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Keywords: Sexual Dimorphism. Forensic Anthropology. Computed Tomography, Human 
Identification. 
 
INTRODUCTION 
Human identification is achieved through a set of characteristics that define individuals 
and differ them from others1. In 2014, Interpol defined primary identification methods and 
other auxiliary methods for human identification. Primary methods include papilloscopy, 
dental signage analysis, DNA examination, and orthotic prosthesis numbering (e.g., 
femoral head prosthesis). Other methods that help achieving human identification include 
anthropology (stature, sex, ancestry, age), two-dimensional, and three-dimensional 
reconstruction of the face (computerized overlapping)2. 
In cases in which the bodies are in advanced state of decomposition, the 
identification becomes more complicated, precluding direct recognition. Data obtained 
through Forensic Anthropology techniques generate parameters, such as stature, sex, 
age, ancestry, manual dexterity, excluding or including possible victims. Over the years, 
existing human-identification techniques have been improved. Seeking to improve 
human-identification processes, authors of studies have been evaluating new 
methodologies and new resources to be applied. 
For sexual differentiation in the human skeleton, the skull, pelvis, femur, tibia, 
humerus, and mandible are the most used3. Pelvis is the most dimorphic part of the 
skeleton, in such a way it is the best indicator of sex. After the pelvis, the skull is the 
second best indicator, since it features with high accuracy in determining the sex4. 
To the extent humans grow and their muscles develop, the human skeleton 
changes, making them present different characteristics such as prominences, roughness, 
ridges, apophysis, protrusions, lengths, volume, among others. These characteristics are 
generally more prominent and advanced in men than in women – for them, these 
characteristics are more delicate and less salient. These modifications are called sexual 
dimorphism, and they emerge after puberty, under the influence of hormones and lifestyle 
(physical activity, feeding, among others)5 
In women, the skull is 8% smaller6 and presents nine tenths of the cranial 
volume compared with the skull of men of the same ancestry7.  
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A good understanding of cranial capacity is relevant for the study and 
comparison of populations with differences due to ancestry, geographic, feeding, and 
sexual conditions8. 
Studies on cranial capacity are important tools in the field of Forensic 
Anthropology and pediatrics, and works as an indicator of cranial development in men and 
women7. Knowledge of sexual dimorphism is paramount for anthropology and human 
identification, especially when the body is in a fragmented skeletal state9. 
It is noteworthy that the use of Computed Tomography (CT) in cases of human 
identification points to a scenario in which the three-dimensional X-ray image will be more 
broadly and routinely used in dentistry, including with a perspective of decreasing clinical 
time and with the same precision of methods routinely used to date in Legal Dentistry10. 
With the use of CT, we can visualize all the scanned structures in layers, mainly the 
mineralized tissues, with high definition, allowing the three-dimension delimitation of 
irregularities11. 
In cases of human identification, the Cone-beam Computed Tomography 
(CBCT) for maxillofacial complex exams indicate a scenario where the three-dimensional 
X-ray image will be more broadly and routinely used in process of human identification10. 
The aim of our study is to elaborate a logistic regression model for estimating the 
sex of Brazilian people using tomographic measurements and cranial volume (CV). 
 
METHODOLOGY  
Our study was approved by the Research Ethics Committee of FOP-UNICAMP under 
Protocol CAAE no. 54171916.0.0000.5418. 
This is an observational, cross-sectional, and analytical study, on 199 CT of 
human skulls of the respective dry skulls used for measuring cranial volume, being 112 of 
men, 87 of women, aged between 18 and 100 years, all with known age, ancestry, sex, 
and cause of death.   
In each CT, cuts of 1mm thickness were performed using a CT scanner 
“Toshiba Super 4, multslice Multi-Slice Quad CT with High Power Generator 48 kW CT 
generates 4 slices per revolution using the multi-row detector. 10 to 400 mA 0.5 Second”.  
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To perform the measurements on CT, were chosen linear measurements 
(Glabela-Metalambda to determine length [Gl-Me]); the Bregma-Básio measurement, to 
determine the height (Br-Ba); and the Eurio-Eurio (Eu-Eu) measurement to determine the 
width, using the OnDemand3D software (Cybermed, Irvine, USA). The Horizontal 
Cephalic Index (HCI) and the Vertical Cephalic Index (VCI) were also calculated, as 
shown in Figure 1: 
 
Figure 1: CT images of height (A), width (B), and length (C), obtained from 
the OnDemond 3D® software. 
Volume was determined according to the methodology recommended by Ali, 
in 2014, with modifications12, consisting of obstruction of the fissure of the orbit and other 
foramina of the skull, with sticky wax, to avoid spillage of soybean seeds. Filling with the 
seeds was carried out (Figure 2). 
 
Figure 2: Sealing of the skull with sticky wax. 
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Sequentially, seeds were poured from the skull to a graduated cylinder with 
capacity of 1000 mL (Figure 3), and the value obtained for each skull was recorded in an 
Excel spreadsheet and tabulated with other results to be subsequently submitted to 
statistical analysis. 
 
Figure 3: Cranial capacity measured with soybean seeds. 
Prior to the sample selection, we proceeded to the Intra-operator calibration, 
consisting of a simple random sampling of 25 skulls and the respective CTs, measured at 
three different moments, and evaluated by Intraclass Correlation Analysis (ICC) according 
to Azklo and Nieto (2000)13. 
Continuously, the sample was determined for the present study, according to 
the inclusion/exclusion criteria. 
After this step, normality of the sample was determined in order to choose the 
most appropriate statistical test for the study (whether parametric or nonparametric) and, 
as the sample had a number greater than 50 elements, the Kolmogorov-Smirnov test was 
applied. For significant values of the previous test, the unpaired t-test was applied, and 
then all the variables were submitted to logistic regression using the Stepwise-Forward 
method. Variables selected by the regression were subjected to the Pearson’s correlation 
coefficient to confirm if there is significance between them. 
 
RESULTS 
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Regarding the intra-operator calibration and, after the application of the statistical test, we 
found excellent agreement (ICC≥0.75). 
After tabulating the linear and volume-related measurements in an Excel 
spreadsheet, collected data were initially submitted to the Kolmogorov-Smirnov test to 
verify the normality of the data, and they were distributed 
regarding sex. Thus, we can observe that there was statistical significance for the variable 
Br-Ba for men, VCI (men/women), and CV for women. It is noteworthy that these 
variables, regarding sex, cannot be subjected to parametric tests, precisely because of 
the acceptance of the alternative hypothesis. For the others, the nullity hypothesis was 
accepted. 
Then, we performed descriptive analysis using central tendency measures, 
such as the mean and dispersion measures, and the standard deviation for all 
measurements, specified regarding sex, as shown in Table 1. 
Table 1. Descriptive statistics regarding sex. 
 
 When applying the t-test for independent samples regarding sex, we can observe 
the acceptance of the hypothesis that there are differences between sexes in the 
evaluated measurements, since the p-value accounts for p<0.05. 
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Logistic regression for sex determination 
We tested the six variables of the study by applying the Logistic Regression using 
the Stepwise-Forward Wald method, in which we start from the simplest model to the most 
complex one. Thus, according to Tables 2 and 3, we observe that the Br-Ba and CV 
variables were defined for the elaboration of the best model. 
Table 2. Stepwise-Forward logistic regression analysis for sex determination 
 
 
Table 3. Pearson’s correlation between model variables 
 
Logit = –18.087 + (5,937xCV) + (–0.076x (Br-Ba)) 
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In Table 4 we perceive that the method results in 66.7% sensitivity, 80.4% 
specificity, and 74.4% accuracy, proving to be effective in predicting sex in addition to the 
mere random assertation, i.e., values higher than 0.5 (cutoff), would be considered as 
“Men,” and those lower than that, “Women.” 
Table 4. Frequency distribution and correct percentages for sex prediction 
 
 
DISCUSSION 
In Brazilian forensic investigations, estimation of sex by anthropology is the first analysis 
to be performed in order to delineate the biological profile of found bodies14. 
Conventionally evaluating dimorphism in skulls involves visual methods that are 
subjective, consequently, they must greatly vary among observers. However, methods 
based on measurements and morphometry, such as cephalometry, are more accurate 
and, therefore, can be used in the estimation of sex of such skulls15. 
In the case of cephalometric measurements, CT allows the three-dimensional 
reconstruction of bone tissues and structures, enabling researchers to visualize them on 
a 1:1 scale; thus, individuals must not be in the skeletization stage16. 
Ramsthaler et al. (2010)17 highlighted that there is excellent agreement between 
measurements directly performed on dry skulls and on CT images, since there is no significant 
increase or distortion of the image, overlapping of structures, or tracing error. They concluded 
that this is an accurate and reproducible means of gathering information. 
In the estimation of intracranial volume, several methodologies have been used 
both in dry skulls and in living individuals. Authors of some research have employed the 
direct method, such as the “packing” method, in which the cranial cavity is filled with 
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various types of materials, such as sand, paraffin wax, or mustard, and then the volume 
is measured18. 
Initially, the normality test of the sample was performed in order to verify the 
type of tests to be applied and, in this case, all variables presented statistical significance 
to the Kolmogorov-Smirnov test; next, parametric tests were used. 
Regarding the t-test, according to Table 2 for independent samples regarding 
sex, all the study variables featured value of p<0.05, demonstrating there is sexual 
dimorphism. 
After applying the Logistic Regression using the Stepwise-Forward method, we 
determined an equation, with the CV and Br-Ba variables, a direct measure in the skull, 
and the other in a CT, which should allow experts identifying with greater degree of 
precision. 
 In this study, the accuracy was 74.4%, which coincides with the following authors 
Adel et al (2018)19evaluated CTs in an Egyptian sample and found an accuracy of 80%. 
Isaza et al. (2014)20 obtained 89.7% accuracy in the Colombian population, and 
measurements that most presented sexual dimorphism were: maximum width of the basal 
portion of the occipital bone, maximum width of foramen magnum, and maximum distance 
between foramina ovale 
The following measurements were performed, namely: distance from porion to 
mastoid, distance from asterion to porion, distance from asterion to mastoid, and the area 
of the suprameatal triangle, in the sample of Madadin et al. (2015)21. This sample 
consisted of 103 CTs of men and 103 CTs of women, representing the population of Saudi 
Arabia, all adults, and obtained the accuracy of 71.4%. 
As for the volume, Ali et al. 201412, Maina et al. 201122, and Gohiya et al. 201023 
obtained significant accuracy values, indicating that this is an indicator to estimate sex. 
 
CONCLUSION 
It is noteworthy that the logistic regression model to estimate sex will allow the estimation 
of sex in skulls of missing Brazilian individuals, besides adding another methodology in 
the search for the estimation of sex in other populations. 
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3. CONCLUSÃO 
Conclui-se que o modelo de regressão logística obtido no estudo tem a 
acurácia de 74,4% para estimar o sexo, assim, permitirá a estimativa do sexo em crânios 
de indivíduos brasileiros desaparecidos, além de acrescentar mais uma metodologia na 
busca da estimativa de sexo em outras populações. 
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